Abstract: Logistics is concerned with the coordination and planning of products, services and information flow between the points of production and consumption. The logistics sector, contributes directly to production and consumption activities, has a critical importance for social and economic development. In this study, Turkey's logistics map was created in order to distribute the logistics burden in the cities which have intensive logistics activities and improve logistics ability in the cities which have poor logistics activities. Firstly, social and economic variables that affect the logistics operations of cities of Turkey were investigated. The identified variables were reduced to a single factor which is called logistics via factor analysis and the clustering analysis was performed by using the logistics factor. In clustering analysis, k-means method was used and the cities of Turkey clustered from strong to weak according to logistics activities. The obtained results were analysed and interpreted.
Introduction
The Council of Supply Chain Management Professionals defines logistics management as "The part of supply chain management that plans, implements, and controls the efficient, effective forward and reverses low and storage of goods, services and related information between the point of origin and the point of consumption in order to meet customers' requirement". The concept of transportation has emerged due to many factors such as unevenly distribution of natural resources around the world, the need for carrying of natural grown products according to geographical and climatic features, product shipments as a result of economic and technological development and desire of visiting other countries. Transportation has gained a different dimension over time owing to condensation of the competitiveness of enterprises which aim to meet growing consumer demand. With increasing globalisation in the 1990s, businesses started to import and export any more. Businesses strategically paid attention to transportation in order to keep market shares and agility of operations and thereby they have aimed to reduce the cost. Thus, logistics management ensuring to perform the transport operations has emerged and logistics has become a major sector. The development of industry and commerce in a country, competitive and sustainable economy are related to its logistic facilities and capabilities. Therefore, national and regional logistics evaluation studies are of great importance (Brewer et al., 2008) .
Logistics is one of the most important basic industries for any country. The total global logistics industry size reached about $4 trillion in 2013, representing an almost 10% of global gross domestic product (GDP) (GLIO Report, 2014) . As in other countries, logistic activities emerge as an important sector in Turkey. Turkey having advantageous geographical location that stretches from Asia to Europe has also developed significantly its logistics operations through executed public and private infrastructure investments in the last decade. According to Logistics Association (LODER), Turkey's current logistics industry size is estimated to be $80-100 billion and is forecast to reach $108-140 billion by 2017. According to The Economist Intelligence Unit, Turkey's GDP growth is estimated to be over 5% per year between 2014 and 2017. GDP of Turkey is expected to grow more rapidly than the average of all 27 European Union countries, as well as the Eastern European and Commonwealth of Independent States countries between 2013 and 2017 (ISPAT Report, 2013 . Turkey which plans to be one of the top 10 global economies by 2023 has currently 52 airports except for 6 ones under construction, 65,382 km road and 12,008 km railway networks (Turkstat, 2014) . In order to become a leading logistics centre, Turkey is implementing rail freight corridors, coastal freight corridors and international highway corridors via its huge investments and projects such as Marmaray railway tube tunnel which has total 77 km link and connects Asia and Europe, increasing investments of high speed train connecting big cities, projects of third Bosphorus Bridge integrated railway and third İstanbul airport with a capacity of 150 million passengers. The movement of a greater volume of traffic between countries neighbouring Turkey has been provided by these corridors (ISPAT Report, 2013) . Turkey has executed increasing logistics activities due to its existing logistic potential, its rising and consistent economy and the developments of industry and trade. However, logistics activities show differences according to the city in Turkey. These differences are derived from economic and social variables such as population, industry, transport (roadway, seaway, airway and railway), commerce and tourism.
Because of the above-stated importance of logistics, many studies in this field have been conducted by using different techniques and approaches. Gimenez and Ventura (2005) investigated the performances of logistics-production, logistics-marketing and external integration in Spanish firm by using structural equation modelling. Bottani and Rizzi (2006) developed an approach based on the quality function deployment in order to improve logistics processes. Sheu (2007) presented an integrated fuzzy-optimisation customer grouping-based logistics distribution methodology for quickly responding to a variety of customer demands. Töyli et al. (2008) analysed statistically logistics and financial performance in Finnish enterprises. Lee et al. (2009) formulated a mathematical model of remanufacturing system as three-stage logistics network model for minimising logistics costs through genetic algorithm. Banomyong and Sopadang (2010) developed emergency logistics response models based on Monte Carlo simulation in order to help emergency logistics decision makers in refining the preparedness planning process. Coltman et al. (2011) described a methodology based on best-worst scaling approach to analyse the nature of customer demand for third-party logistics provider service components. Bartolacci et al. (2012) performed the study of optimisation modelling for logistics in order to address strategic, tactical, operational, and collaborative decision making. Ralston et al. (2013) assessed the impact of logistics salience on logistics capabilities and performance in US firm by utilising structural equation modelling. Muhammad et al. (2014) explored key issues related to communication systems of logistics industry in Malaysian via convenience sampling method. Liao and Kao (2014) proposed a novel approach for customer service management in logistics by method integrating quality function development, fuzzy extended analytic hierarchy process, and multi-segment goal programming. The literature is growing rapidly according to the increasing logistic activities.
Although clustering studies are important for local economic development, there are limited clustering studies related to logistics. Chen and Meng (2008) used cluster analysis based on principal component analysis in order to make planning of regional logistics of Zhejiang province. Jin et al. (2009) constructed a mathematical location model to re-select within alternative railway logistics centres identified by cluster analysis. He and Liu (2010) studied on regional logistics centre location via an expanded rough decision approach combined with AHP and cluster analysis to solve the multiple attribute location problems. Ren et al. (2010) developed the fuzzy clustering analysis method for multi-level logistics distribution centre location plan. Li et al. (2011) studied on selection of logistics centre location using fuzzy set clustering method. Sheu and Lin (2012) presented a novel hierarchical network planning model based on integer programming and hierarchical cluster analysis methods for global logistics network configurations. Liu et al. (2012) identified the best logistics centre selection method by listing and comparing nine kinds of logistics centre site selection method, including cluster algorithm. Rivera et al. (2014) analysed the prevalence of logistics clusters by using a two-index methodology to identify logistics agglomeration in the USA.
In this study, the cities of Turkey are clustered by theirs economic and social variables affecting logistics activities. Before clustering process, factor analysis technique was employed in order to reduce the dimensionality and the number of variables, and increase the conceptual significance. There are two main purposes of this study. The first one is to identify the logistic load of the cities and create the logistics map of Turkey; the second one is to help determine the location of the logistic centres by obtained clusters. The distribution of logistics load of the cities with intensive activities of logistics and development of logistics ability of the cities with poor ones are important to improve commercial dynamism, avoid problems of urban logistics, and provide regional development. Through the logistics map, robust logistics policies are developed and helpful results are achieved. The rest of the paper is organised as follows: second and third section give a brief knowledge about the factor analysis and clustering respectively, the fourth section is about the logistic activities of Turkey's cities; and the fifth one is the conclusion part.
Factor analysis
Factor analysis is a statistical method concerned with the reduction of variations among observed variables in terms of a potentially lower number of unobserved variables which is called factors. In the literature, factor analysis has been used in many fields such as sociology (Hills et al., 2005) , chemistry (Dragon, 2006) , bio systems (Pan et al., 2007) , energy (Chen and Lin, 2008) , education (Hsia et al., 2009) , health (Das et al., 2010) , food (Lin et al., 2011) , diary (Macciotta et al., 2012) , geology (Rigopoulosa et al., 2013) and environment (Chang et al., 2014) . The main aim of factor analysis is to reduce or summarise of many variables to the main dimensions according to the relationship between them. In a factor analysis model, the measured variables depend on a smaller number of unobserved factors. Each variable is assumed to be dependent on a linear combination of the factors. In an effective factor analysis, it is desired that the total dataset may represent by the best few factors as possible. Also, the results of a factor analysis should be simple and interpretable. There are four stages in factor analysis as follows:
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Factor analysis is a well-known technique, so the detailed procedure of this technique will not be given in this paper. For detailed information, Gorsuch (1974) and Kim and Muller (1978) are beneficial.
K-means clustering algorithm
Clustering that separates a set of objects into groups according to their similarity is one of most important field of data mining. There are many clustering algorithms based on connectivity, centroid, distribution and density in the literature. Clustering algorithms have been applied in many studies and different areas such as customer segmentation (Hsieh, 2004; Lee and Park, 2005) , electronic commerce (Chang et al., 2006) , data engineering (Choi et al., 2007) , atmospheric research (Markou and Kassomenos, 2010) , biomedicine (Azar et al., 2013) customer decision making style (İnce et al., 2013) . In this study, k-means algorithm which is one of the most popular centroid-based clustering algorithms was used. The k-means algorithm defines the centroid of a cluster as the mean value of the points within the cluster. The algorithm firstly designates the number of k random points. These points determine the first cluster centres. Then, each data value is included in the cluster that is closest to the centre point. The new centre value of the cluster is found by recalculating the weighted average of cluster elements that is added.
The new value represents that cluster in the next clustering process. The goal of the algorithm is to minimise the distance between each new value and the closest cluster centre and accordingly to provide collect data having a structure similar in the same cluster.
Regarding the calculation of the distance between objects and clusters, the aim of the clustering is to minimise the objective function which is given in equation (1).
where C is the number of clusters, N is the number of objects, X j is the coordinate of object j, M i is the coordinate of the cluster i and G i is the group of objects belonging to cluster i. The algorithm moves the cluster centres around in space in order to minimise the within-cluster squared distances. For each cluster a new centroid is recomputed by averaging the location of all objects assigned to it. To compute the centroid, it is used in equation (2).
where G i is the number of objects of i th cluster (Serapião et al., 2016) .
The k-means procedure is summarised as follows; 1 arbitrarily chooses k objects from D which a dataset is containing N objects as the initial cluster centres 2 repeat 3 (re)assign each object to the cluster to which the object is the most similar, based on the mean value of the objects in the cluster 4 update the cluster means, that is, calculate the mean value of the objects for each cluster 5 until no change.
The detailed procedure of this technique was not given in this paper, because k-means clustering algorithm is well known technique. For detailed information, Hartigan (1975) and Han et al. (2012) are beneficial. In order to obtain satisfactory and successful results, a systematic always which includes data collection, data processing and evaluation of the clustering outputs is followed. This systematic always is schematised in Figure 1 . Following sections give brief information about these steps.
Data
Firstly, the variables affecting logistics activities for each city were investigated in order to cluster the cities of Turkey according to logistics operations and consequently 13 economic and social variables were determined for each one of 81 cities. Data in 2012 were gathered for each variable. These variables, their explanations, intended purpose of these variables and resources are given in Table 1 . The total import amount held in each city Import is an important indicator of logistics mobility.
Turkstat

Deposit
The amount of money deposit in a city
Deposit is an indicator of economic exchange.
Banks Association of Turkey (BAT)
Credit The amount of credit in a city
Credit is an indicator of economic exchange.
BAT Bank The number of bank branches in a city
Bank is an indicator of economic exchange.
BAT Total buildings
Total square metre of all buildings in a city Construction sector is closely related to logistics activities.
Turkstat
Company
The number of transport and storage companies in a city These companies are one of the main indicators of logistics activities.
Turkstat
Total company The number of all companies in a city
The number of total companies are an important indicator of logistics mobility 
Turkstat
Factor analysis of data
K-means clustering method was performed via the determined variables; however, the obtained results were not very convenient in term of interpretation and naming the cluster. Therefore, factor analysis was applied in order to reduce the number of variables, handle statistical restrictions and improve the results of the cluster analysis. In this analysis, Kaiser-Meyer-Olkin (KMO) and Bartlett's test was carried out first. The test results are shown in Table 2 . KMO measure of sampling adequacy was calculated as 0.846 and was very powerful. Furthermore, Bartlett test value which was calculated as 3934.015 was significant at the 5% level. This means that there are high correlations between the variables. These tests showed that the results of the factor analysis are adequate and valid. As a result of factor analysis, single factor which can explain 88.09% of the total variability have been derived. This explanatory power is very high and a sign of a good factor structure. The explanatory power of the factor can be traced from the scree plot in Figure 2 . The factor is named as logistics factor. Factor scores obtained for each city by using the coefficients of these variables in the component matrix. The factor was used as input of the cluster analysis.
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Figure 2 Scree plot
Clustering of the cities
The 13 variables affecting logistics activities reduced to a single factor by using factor analysis, and this factor was used in k-means clustering method. The number of clusters was entered as 5in order to cluster from strong to weak according to logistic activities in this method. These clusters were named as extremely strong, very strong, strong, less strong and weak cluster, respectively. Table 3 presents the cluster centres of these clusters. It can be easily seen in Table 3 that the clusters from strong to weak are 3, 2, 5, 1 and 4, respectively. Cluster memberships of the cities were presented in Table 4 while number of cities in each cluster is given in Table 5 . As seen in Table 5 , there were quite a few cities in weak cluster. These cities were divided into three clusters in order to see more clearly the differences between these cities, identify the weakest cities according to logistic activities and determine better the cities planned establishment of logistics centre. These clusters were named as passable, tolerable and very poor, respectively. Final cluster centre, cluster membership, number of city in each cluster were given Table 6, Table 7 and Table 8 , respectively. According to Table 6 , 1, 3 and 2 were named as passable, tolerable and very weak cluster, respectively. The results of these clustering analyses have been interpreted in next part. 
Result and discussion
The clusters according to the cluster memberships were colour on the map of Turkey as shown in Figures 3-4 . It is possible to reach many comments by referring the maps. There were the cities of Turkey dividing to five clusters from strong to weak according to logistics activities in Figure 3 . As regards results of the first cluster analysis, Istanbul took place in extremely strong cluster. These situations emerged due to features such as Istanbul's geopolitical position, advanced industries, population, tourism potential and port city. Ankara and Izmir were located in very strong cluster. Turkey's capital, Ankara, is the distribution centre of country. Ankara having roadway networks to the four corners of the country is in very strong condition in terms of logistics activities. Izmir, third most populous city of Turkey, is in the same cluster with Ankara owing to its underground resources, advanced industries, being tourism and port city. Istanbul, Ankara and Izmir constituting 66% of Turkey's trade volume are already expected to be quite good according to logistics activities. Kocaeli, Antalya, Adana, Konya and Bursa are located in the third cluster. These metropolitans, which have population of over 1.5 million, have been carried out intensive industrial and agricultural activities. The above-mentioned eight cities have taken on the logistical burden of Turkey. However, centralisation of logistics activities in these provinces is not a desirable situation. Therefore, the distribution of the logistics activities to neighbouring cities which have logistics capabilities will contribute to the elimination of distortions in the regional development of the country and hence a balanced and planned development of the country. There were 17 cities in less strong cluster. It can be said that the logistics activities are enough for the cities. However, one of the notable ones among these cities is Mersin. The city has many varieties of logistics activities due to geographical location, social and cultural capacity, railway transport, port city and broad hinterland. Despite these facilities, the city is not located in the strong city. From this point of view, it can be said that this city cannot sufficiently perform the logistics potential. There were also 56 cities in weak cluster. These cities generally took place in the Black Sea region and the east of Turkey. These 56 cities were divided to three clusters called as passable, tolerable and very poor in order to see more clearly the differences between ones, identify the weakest cities in terms of logistic activities and determine better the cities planned establishment of logistics centre and were colour on the maps of Turkey in Figure 4 . There were 11, 23 and 22 cities in passable, tolerable and very poor cluster, respectively. The cities in the very poor cluster generally took place in Eastern Anatolia Region. The lack of population, geographical challenges and undeveloped industries can be seen as a determinant in underdevelopment of logistics activities in this region. Therefore, supporting of logistics activities from logistics centres which establish in surrounding cities will be the right choice. Eastern Anatolia region is neighbours to Iran, Iraq and Syria. The establishment of logistics centre in these cities which having border gates to the countries will contribute to logistics activities and hence the development of regional trade. The Black Sea region, another area in need of improvement in terms of logistics capabilities has the coastal cities. The Black Sea coastal road project completed and the road transport between cities was facilitated. Determining logistics centre and improvement of sea transport will provide a wealth of logistical in this region.
Conclusions
In this study, firstly, variables affecting logistics activities of the cities were investigated. The determined variables were reduced to a single factor which is called logistics using factor analysis in order to improve the results of the cluster analysis and avoid statistical restrictions. By using the logistics factor, the cities of Turkey clustered from strong to weak according to logistics activities and Turkey's logistics map was created. Istanbul took place in extremely strong cluster while Ankara and Izmir were located in very strong cluster. These cities constituting 66% of Turkey's trade volume are already expected to be quite good according to logistics activities. However, there were also quite a few cities where especially took place in the Black Sea Region and the east of Turkey in weak cluster. The reasons for underdevelopment of the logistics activities in the region were the lack of population, geographical challenges and undeveloped industry.
The development of industry and commerce in a city is parallel to logistics facilities and capabilities. The distribution of logistics load of the cities with intensive activities of logistics and development of logistics ability of the cities with poor ones are important to improve commercial dynamism, avoid problems of urban logistics, and provide regional development not urban. Therefore, taking the necessary precautions and making investments fairly is crucial for the cities executing extensive or poor logistics activities. By considering the results obtaining from the cluster analysis, the distribution of the logistics burden to neighbouring cities which have logistics capabilities will contribute to both the elimination of distortions in the regional development of the country and hence a balanced and planned development of the country. In addition, commercial activity will be provided by establishing logistics centres in some cities with logistics potential via the logistics map. Therefore, these results of this paper are closely related to relevant government agencies and private enterprises.
Because it is one of the most important factors affecting the competitiveness of the globalised world, the leading role of governments is to contribute to the development of the logistics industry. Hence, logistics master plan, and qualitative and quantitative studies that contribute to the plan are needed for medium and long term in order to prepare development plan and arrange incentive policies. This study created Turkey's logistics map by considering the variables affecting logistics activities and following a systematic way and the obtained results is presented to the attention of decision-makers.
In addition, this paper is the first attempt to cluster the cities of Turkey according to logistics activities and create Turkey's logistics map in order to help the country's development policies for the logistics sector. Also, this systematically approach of the study may be used for the different countries.
